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© Radio zones (2a through 2d) are each assigned 
radio frequency channels of the number correspond- 
ing to the zone traffic, one frequency (f 1 ) of the radio 
frequency channel is assigned in common to all 
radio zones, and radio channels of the same fre- 
quency are assigned spectrum spreading codes dif- 
ferent for each zone. A mobile station is provided 
with two correlators (14 and 15). For example, if the 
received signal level lowers when the mobile station 
stays in the radio zone (2a) and is in conversation 



over the channel of a frequency (f2), the mobile 
station once switches the communication to a chan- 
nel of the common frequency (f1) and continues the 
communication using one of the correlators, while at 
the same time the mobile station scans spectrum 
spreading codes for control channels of the respec- 
tive radio zones by the other correlator for measur- 
ing the received signal levels of the control channels 
and determines a destination radio zone which pro- 
vides the maximum received signal level. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a hand-off 
method and a mobile station for a spread spectrum 
cellular mobile communication system. 

The cellular mobile communication system is 
now operational as a digital automobile telephone 
system. In the digital mobile telephone system, as 
shown in Fig. 1A, a service area 1 is split into a 
plurality of radio zones 2a, 2b, 2c, .... which are 
assigned control channels 3a, 3b, 3c, ... of individ- 
ual frequencies, and the control channels 3a, 3b, 
3c, ... are transmitted from radio base stations 4a, 
4b, 4c, ... installed in the radio zones 2a, 2b, 2c, 
respectively. When a mobile station 5 hands off 
during conversation, it measures the received lev- 
els of the control channels 3a, 3b, 3c, ... from the 
radio zones 2a, 2b, 2c, ... one after another through 
utilization of idle time slots I of the TDMA scheme 
which transmits and receives in specified time slots 
(Tx) and (Rx) as shown in Fig. 1B, then compares 
the measured received levels and selects the radio 
zone of the maximum received level as a destina- 
tion or new radio zone. 

On the other hand, in the spread spectrum 
mobile communication system, a single radio fre- 
quency is assigned in common to all radio zones 
involved and a plurality of spectrum spreading 
codes are assigned to each radio zone; one possi- 
ble method for hand-off in this system is to scan 
the spectrum spreading codes by a correlator of 
the mobile station, select a destination radio zone 
by measuring and comparing the received levels 
every radio zone and set the spectrum spreading 
codes of the destination radio zone in the cor- 
relator. In the spread spectrum mobile communica- 
tion system, however, it is necessary to prepare a 
wide-band radio frequency channel so that when 
traffic of the radio zones is unbalanced, many 
spectrum spreading codes could be used to ac- 
commodate or deal with the traffic imbalance; this 
inevitably leads to overdesign of low-traffic radio 
zones. 

To avoid this, it is possible to employ a system 
configuration wherein a plurality of radio channels 
of different frequencies but of the same bandwidth 
corresponding to a certain traffic volume are pre- 
pared, radio zones of low traffic are assigned only 
one of the radio channels, radio zones of high 
traffic are assigned two or more of the radio chan- 
nels and the radio channel of the same frequency 
js assigned a different spectrum spreading code at 
least every group of adjacent radio zones. In this 
instance, each communication channel is defined 
by a set (f, c) of the radio frequency f and the 
spectrum spreading code C. In the following de- 
scription, the channel of the radio frequency f that 
is assigned one or more spectrum spreading codes 



will be referred to as a radio channel. Hence, each 
radio channel is allowed to contain a plurality of 
communication channels defined by different spec- 
trum spreading codes. 

5 As indicated by the traffic volume distribution 

curve 6 in Fig. 2, traffic tends to be high in the 
central city area but decrease with distance there- 
from. In such a situation, the number of radio 
channels necessary for dealing with traffic is se- 

10 lected large in the central area of the city but 
smaller with an increase in the distance therefrom 
as indicated by the channel numbers F1, F2, F3, ... 
assigned to the zones 2a, 2b, 2c, ... in Fig. 2. To 
hand off during conversation in this system con- 

75 figuration, the mobile station determines its des- 
tination radio zone on the basis of the received 
level of a predetermined communication channel (a 
control channel or broadcasting channel for zone 
selection use, for example) from every radio zone 

20 of the radio channel F1 of the frequency f common 
to all radio zones. Accordingly, to select the des- 
tination zone during conversation over a radio 
channel other than the common radio channel F1 in 
the radio zone assigned the plurality of radio chan- 

25 nels F1, F2, it is necessary to measure the 
received level in the common channel F1 and 
hence calls for interruption of the conversation. To 
enable measurement of the received level without 
interrupting the conversation, two receiving sys- 

30 terns need to be prepared-this goes against the 
demand for miniaturization of the mobile station. 

A possible solution to the above-noted problem 
is to employ a TDMA- like radio channel scheme as 
in the digital automobile telephone system and 

35 utilize a TDMA-type idle time slot to detect the 
destination zone. With this method, however, since 
signals become burst-like, the electromagnetic 
compatibility (EMC) of the system must be taken 
into account, besides guard bits and synchroniza- 

40 tion words are needed, impairing the efficiency in 
usage of the channel. 

SUMMARY OF THE INVENTION 

45 It is therefore an object of the present invention 

to provide a hand-off method and a mobile station 
for the spread spectrum mobile communication 
system which permit hand-off during conversation 
with no possibility of overdesigning low-traffic radio 

50 zones, with no need of preparing two receiving 
systems and with no fear of incurring the "elec- 
tromagnetic compatibility" problem. 

According to a first aspect of the present in- 
vention, a radio frequency is set in common to ail 

55 radio zones belonging to a service area, the com- 
mon radio frequency is assigned a spectrum 
spreading code for control use every radio zone 
and two correlators are provided in the mobile 
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station. At the hand-off during conversation, one of 
the correlators is used to scan the spectrum 
spreading codes and measure the received levels 
for selecting the destination radio zone, while at the 
same time the other correlator is used to continue 
conversation. 

According to a second aspect of the present 
invention, radio channels of a number correspond- 
ing to the traffic of each radio zone are assigned to 
the zone in a predetermined order, and radio chan- 
nels equal in number to the difference between the 
largest one of the numbers of radio channels as- 
signed to each zone and adjacent zones and the 
number of radio channels assigned to each radio 
zone are provided as hand-off-only channels in 
each radio zone. Furthermore, those of the as- 
signed radio channels and hand-off-only channels 
of each radio zone which have the same frequency 
are assigned spectrum spreading codes which dif- 
fer with radio zones. The mobile station is 
equipped with two correlators, one of which is used 
to scan the spectrum spreading codes and mea- 
sure the received levels for selecting the destina- 
tion radio zone and the other of which is used to 
continue conversation. When the channel held in 
communication after the hand-off operation is a 
hand-off-only channel, it is switched to one of the 
assigned radio channels in the same radio zone. 

Thus, according to the first and second aspects 
of the present invention, the band of each radio 
channel is determined in accordance with the low- 
est traffic volume in the radio zones belonging to 
the service area and each radio zone is assigned 
radio channels corresponding in number to the 
traffic of the zone—this permits an economical and 
hence efficient channel configuration. Furthermore, 
since the mobile station has two correlators, it is 
possible to determine an optimum zone by the use 
of one of them while at the same time continuing 
conversation by the other correlator. In addition, 
hand-off during conversation can be done without 
switching the radio frequency and the nearest radio 
zone can be determined by just switching the 
spectrum spreading code; hence, there is no need 
of preparing two transm it-receive systems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1A is a diagram showing an example of 
the zone structure of the cellular mobile commu- 
nication system; 

Figure 1B is a diagram schematically showing 
measurements of received levels through utiliza- 
tion of idle time slots according to the TDMA 
system; 

Figure 2 is a diagram schematically showing the 
regional traffic distribution and the correspond- 
ing radio channel assignment; 



Figure 3 is a diagram showing, by way of exam- 
ple, the assignment of radio frequencies and 
spectrum spreading codes to radio zones ac- 
cording to the first aspect of the present inven- 
5 tion; 

Figure 4 is a table showing an example of the 
configuration of the respective radio channel in 
Fig. 3; 

Figure 5 is a block diagram illustrating an exam- 
70 pie of the mobile station which implements the 
hand-off method of the present invention; 
Figure 6 is a flowchart for the hand-off operation 
according to the first aspect of the present in- 
vention; 

75 Figure 7 is a timing chart explanatory of the 
operation following the Fig. 6 flowchart; 
Figure 8 is a diagram showing, by way of exam- 
ple, the assignment of radio channels, spectrum 
spreading codes and hand-off-only channels -to— 

20 radio zones according to the second aspect of 
the present invention; and 

Figure 9 is a flowchart for the hand-off operation 
according to the second aspect of the present 
invention. 

25 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

In Fig. 3 there is shown an example of the 

30 assignment of radio channels and spectrum 
spreading codes to four radio zones 2a through 2d 
according to the first aspect of the present inven- 
tion. The radio zones 2a through 2d are each 
assigned radio frequencies (i.e. radio channels) of 

35 the number corresponding to the traffic volume of 
each zone as shown in Fig. 3. The band of each 
radio frequency needs only to accommodate com- 
munication channels (corresponding to the spec- 
trum spreading codes) of about the same number 

40 as those required in the radio zone of the lowest 
traffic. In the example of Fig. 3, the radio zone 2b 
of the highest traffic is assigned three frequencies 
f1, f2 and f3, the radio zones 2a and 2c of the 
second highest traffic are each assigned two fre- 

45 quencies f1 and f2, and the radio zone 2d of the 
lowest traffic is assigned one frequency f1. The 
adjacent zones assigned the same frequency are 
each assigned a different spectrum spreading code 
to avoid interference between them. 

so Thus, according to the present invention, at 

least one common radio frequency is assigned to 
all the radio zones of the service area 1 (see Fig. 
1A). in the example of Fig. 3, the radio frequency 
f 1 is assigned to the radio zones 2a through 2d in 

55 common thereto. The common radio frequency f1 
is specified for the respective adjacent zones 2a 
through 2d by spectrum spreading code groups 
C1i. C2i and C3i which differ from one another. 
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Each code group, for example, C1i includes a 
plurality of spectrum spreading codes C1n, CI12, 

C1i m which define a plurality of communication 
channels and a spectrum spreading code C1i C 
which defines a control channel. In practice, each 
communication channel is assigned two spectrum 
spreading codes which define a pair of forward 
(from the mobile station to the base station) and 
reverse (from the base station to the mobile sta- 
tion) channels, but no distinction will hereinafter be 
made between the spreading codes for the reverse 
and forward channels in the interests of brevity. 

The radio zones which are set at a distance 
long enough not to interfere with each other, such 
as the radio zones 2a and 2d, may be assigned the 
same spectrum spreading code group, C1i in this 
example. Also for the frequency f2, the adjacent 
radio zones are assigned a plurality of spectrum 
spreading code groups C1 2 , C2 2 and C32, respec- 
tively, which are used as communication channel 
codes alone and not used as control channel 
codes. It is also the same to the frequency f3. In 
Fig. 4, an example of the radio channel configura- 
tion of the above-said radio zones 2a through 2d is 
shown. For convenience, broadcasting channel 
codes, which are used in an embodiment accord- 
ing to the second aspect of the invention described 
later, are shown in Fig. 4. Incidentally, the number 
m of spectrum spreading codes for communication 
channels assigned to the radio channel of each 
frequency in the respective radio zones are not 
always the same. 

As mentioned above, according to the present 
invention, at least one predetermined code in each 
of the spectrurruspreading code groups C1 1 , C2i 
and C3i assigned to the radio zones for the com- 
mon radio frequency f1 is used as a control chan- 
nel code, as indicated by C1 1C , C2 1C and C3 1C in 
Fig. 4, and remaining codes are used as commu- 
nication channel codes. 

In Fig. 5, there is illustrated an example of the 
mobile station embodying the hand-off method ac- 
cording to the first aspect of the present invention. 
A received radio frequency (RF) signal from an 
antenna 11 is fed via a T/R separator 12 to an RF 
signal transceiver part 13. An RF transmission sig- 
nal from the RF transceiver part 13 is fed via the 
T/R separator 12 to the antenna 11. In the RF 
transceiver part 13, the RF received signal of a 
desired frequency set by a controller 22 is con- 
verted to an intermediate-frequency (IF) signal, 
which is fed to two correlators 14 and 15 in the 
present invention. The first and second correlators 
14 and 15 each use a spectrum spreading code set 
by the controller 22 to despread the IF signal, 
thereby extracting the received signal which is in 
agreement with the spectrum spreading code. The 
received signal thus extracted is applied to a 



modem 16 and a level measuring part 18. The 
modem 16 is. for instance, a QPSK modem, which 
demodulates the signal from the correlator 14 or 15 
into a received coded speech signal, which is pro- 
5 vided to a speech coder/decoder (hereinafter re- 
ferred to as a speech CODEC) 19. The speech 
CODEC 19 decodes the received coded speech 
signal and applies the output speech signal to a 
handset 21. 

w On the other hand, an input speech signal from 

the handset 21 is coded by the speech CODEC 19 
and is then modulated by the modem 16. The 
modulated signal from the modem 16 is fed to a 
spectrum spreader 17, wherein it is spectrum 

75 spread using a spectrum spreading code set by 
the controller 22, the thus spectrum-spread signal 
being provided to the RF transceiver part 13. The 
RF transceiver part 13 outputs the spectrum- 
spread signal after converting it to a RF signal of a 

20 desired frequency set by the controller 22. The 
receiving side of the RF transceiver part 13 is 
made up of an RF amplifier 13R for amplifying an 
RF signal, a frequency converter 13D for convert- 
ing the output RF signal from the RF amplifier 13R 

25 to an IF signal, and an IF amplifier 13F for am- 
plifying the IF signal. Similarly, the transmitting 
side of the RF transceiver part 1 3 is made up of an 
IF amplifier 13G for amplifying the spectrum- 
spread modulated signal from the spectrum 

30 spreader 17, a frequency converter 13U for con- 
verting the amplified output to an RF signal, and an 
RF amplifier 13T for amplifying the RF signal and 
for feeding it to the antenna 1 1 via the T/R separa- 
tor 12. A frequency synthesizer 13S generates a 

35 local signal of the frequency set by the controller 
22 and applies it to the frequency converters 13D 
and 13U. 

The controller 22 performs a call setup pro- 
cess, a hand-off process, setting of spectrum 

40 spreading codes for the correlators 14 and 15, 
setting of frequencies in the frequency synthesizer 
13S and comparison of received levels measured 
by the measuring part 1 8. 

Next, a description will be given of the hand-off 

45 operation of the embodiment according to the 
present invention. 

The base station of each radio zone is always 
transmitting the identifying information of the base 
station via the control channel, control channel in- 

so formation of radio zones adjacent that of the base 
station, and so forth. In the present invention, since 
the frequency f1 of the control channel is common 
to all radio zones, spectrum spreading codes for 
control channels of the adjacent zones or informa- 

55 tion representing them is transmitted as the control 
channel information via the forward control channel. 
When its power supply is turned ON, the mobile 
station first sets the spectrum spreading codes 
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C1ic, C2 1C , C3ic. - for control channels of all radio 
zones in the correlator 14 or 15 one after another 
using the common frequency f1 and then mea- 
sures the received levels in the level measuring 
part 18 for the respective codes so as to determine 
the current or visited zone of the mobile station. 

The controller 22 determines that one of the 
spectrum spreading codes which provided the 
highest one of the received levels measured by the 
level measuring part 18 and sets the spectrum 
spreading code, for example, C1 1C in the correlator 
14, for instance. Based on the control channel 
information received accordingly, it is possible to 
detect the radio zone to which the mobile station 
currently belongs. As in the conventional mobile 
communication system, the mobile station trans- 
mits its identification number to the base station via 
the control channel for location registration and 
enters the call-waiting state. 

Next, a description will be given, with reference 
to Figs. 6 and 7, of the hand-off operation accord- 
ing to the present invention. Figs. 6 and 7 are a 
flowchart and a timing chart showing the operation 
of the mobile station transceiver of Fig. 5. Now, let 
it be assumed, for example, that as a result of 
receiving a mobile terminated call signal from the 
base station or transmitting thereto a call connect 
request signal via the control channel <fl, C1 1C ) 
following the same procedure as in the prior art 
mobile communication system, the mobile station 
currently staying in the radio zone 2a shown in Fig. 
3 is in the state of communication over the commu- 
nication channel (f2, CI2) specified by the base 
station after setting the frequency synthesizer 13S 
to the frequency corresponding to the frequency f2 
(that is, letting the intermediate frequency be repre- 
sented by f 1F , the transmission or oscillation fre- 
quency of the frequency synthesizer is set to f2- 
f, F ) and setting the correlators 14 and 15 and the 
spectrum spreader 19 to the spectrum spreading 
code C1 2 - 

During conversation using the correlator 14 
with the spectrum spreading code C1 2 set therein 
in step S1, the received signal level of the same 
communication channel despread by the correlator 
15 is always measured by the level measuring part 
18 and monitored by the controller 22 to see if it is 
above a predetermined threshold value Vth (step 
S2). For instance, if the received level of the com- 
munication channel goes down below the threshold 
value Vth owing to degradation of the channel 
quality when the mobile station is going to move 
out of the current radio zone 2a and into the zone 
2b adjacent it, the mobile station transmits a con- 
trol signal requesting switching to the radio fre- 
quency f1 to the current base station at a band 
lower than the voice band (300 Hz to 3 KHz) in the 
communication channel (step S3). The base station 



transmits a control signal (commonly referred to as 
an in-service control signal) specifying the spec- 
trum spreading code C1i to be used at the radio 
frequency f1 to the mobile station at the band 

5 lower than the voice band of the current commu- 
nication channel (f2, C1 2 ). The controller 22 of the 
mobile station sets the code C1i in the correlator 
14 and sets the frequency synthesizer 13S to the 
frequency f 1 , maintaining communication. At the 

70 same time, the controller 22 sets the spectrum 
spreading codes C1i C , C2 1C and C3 1C for control 
channels of the adjacent radio zones in the cor- 
relator 15 one after another and measures the 
received levels of the control channels (step S4). 

75 The controller 22 chooses the spectrum spreading 
code of the control channel of the highest received 
level, then determines the corresponding zone as 
the nearest zone (i.e. the new zone), then reads out 
the identifying number of that zone from its internal 

20 table of zone vs. control channel spectrum spread- 
ing code and sends the zone identifying number as 
an in-service control signal of the communication 
channel to the current base station^(step S5). In- 
cidentally, it is also possible to send, as a sub- 

25 stitute for the zone identifying number, the spec- 
trum spreading code or information representing 
the maximum receive level, in which case the base 
station detects the corresponding radio zone. 

Based on the zone information (i.e. the destina- 

30 tion zone identifying number) from .the mobile sta- 
tion, the current base station makes a request to 
the base station of the new radio zone (i.e. the new 
base station) for an idle communication channel to 
be used in the new radio zone; when the new base 

35 station responds to the request to specify the idle 
communication channel, for example, (f3, C23), the 
current base station indicates it to the mobile sta- 
tion. Upon receiving the specified idle communica- 
tion channel information, the mobile station sets the 

40 spectrum spreading code C2 3 in the correlators 14 
and 15 and the frequency synthesizer 13S to the 
frequency f3, thereby switching the current com- 
munication channel (11 , C1i) to the new channel 
(f3, C2 3 ) (step S6). 

45 While in the above it is determined in step S2 

if the received signal level is above the threshold 
value Vth, it is also possible to employ a method 
that scans the spectrum spreading codes C1 1C , 
C2 1C , - for control channels of the adjacent radio 

50 zones, then measures the received signal levels 
and determines if the zone of the maximum re- 
ceived level is the radio zone with which the mobile 
station is currently in communication; if not, the 
controller proceeds to step S3. 

55 As described above, according to the present 

invention, the transceiver of the mobile station is 
provided with two correlators 14 and 15 and the 
common radio frequency f1 is assigned spectrum 
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spreading codes for control channels of the respec- 
tive radio zones and spectrum spreading codes for 
communication channels as well. Hence, when the 
mobile station hands off during conversation, the 
communication channel is once switched to that of 
the common radio frequency f1, by which it is 
possible to set the spectrum spreading codes for 
control channels of the respective radio zones in 
one of the correlators one after another and mea- 
sure the received signal levels while at the same 
time maintaining communication at the radio fre- 
quency f1 through the other correlator. Thus, the 
communication channel can be switched without 
interruption of communication. Besides, there is no 
need of providing two sets of RF transmit- 
ting/receiving parts 13 for the communication chan- 
nel and the control channel independently of each 
other. 

Since the channel of the radio frequency f1 
common to all radio zones is used for hand-off at 
frequent intervals, it is preferable that the common 
radio channel be usually kept idle or preserved for 
hand-off use and used as a control channel for a 
call setup process or the like except when only one 
radio frequency is available in the radio zone con- 
cerned or when no other frequency than fl can be 
used even if a plurality of radio frequencies are 
assigned to the radio zone. 

Figure 8 shows an example of the assignment 
of radio channels to each radio zone according to 
an embodiment based on the second aspect of the 
present invention. Also in this embodiment, a pre- 
determined number of radio channels are allocated 
to the radio zones 2a, 2b, ... in a predetermined 
order; that is, each radio zone is assigned radio 
channels of a number corresponding to its traffic 
volume. In the example of Fig. 8, the traffic of the 
radio zone 2a is the highest, the traffic of the radio 
zone 2b is lower than that of the radio zone 2a and 
the traffic of the radio zones 2a, 2d is further low. 
Hence, the radio zone 2a is assigned three radio 
channels f 1 , f2 and f3, the radio zone 2b two radio 
channels f1 and f2 f and the radio zones 2c and 2d 
each one radio channels f 1 . The radio channels are 
assigned in the order f1-f2-f3; namely, the radio 
channel f1 is first assigned to all the radio zones, 
then f2 to radio zones 2a and 2b, and f3 to the 
radio zone 2a. 

Moreover, radio channels of a number cor- 
responding to the difference between the largest 
one of the numbers of radio channels assigned to 
each zone and the adjacent ones and the number 
of radio channels assigned to each radio zone are 
provided as hand-off-only channels in each radio 
zone. That is, in the case of the radio zone 2a in 
Fig. 7, the number of radio channels assigned to 
the adjacent radio zone 2b is 2, whereas the num- 
ber of radio channels assigned to the radio zone 2a 



is 3; since the difference between the largest num- 
ber 3 and the number 3 of radio channels assigned 
to the zone 2a is zero, no hand-off-only channel is 
assigned to the radio zone 2a. 

5 In the case of the radio zone 2b. the largest 

number is 3 among the number 3 of radio channels 
assigned to the one adjacent zone 2a, the number 
1 of radio channels assigned to the other adjacent 
zone 2c and the number 2 of radio channels as- 

w signed to the zone 2b; in this instance, only one 
hand-off-only channel, which corresponds to the 
difference between the largest number 3 and the 
number 2 of the radio channels of the zone 2b, is 
provided in the zone 2b. In such a case, the radio 

75 channel f3, which is assigned to the radio zone 2a 
having the largest number of radio channels and is 
not assigned to the radio zone 2b, is allocated 
thereto as indicated by diagonal shading in Fig. 8. 

Similarly, the radio zone 2c is assigned a hand- 

20 off-only channel f2 of the same frequency as that 
of the radio channel f2 of the adjoining radio zone 
2b. 

Furthermore, radio channels of the same fre- 
quency, including the radio channels assigned to 

25 the respective radio zones and the hand-off-only 
channels, are each allocated a group of spectrum 
spreading codes which differs with each radio 
zone. In Fig. 8, the radio channels f1, f2 and f3 of 
the radio zone 2a are assigned spectrum spreading 

30 code groups C1i, C1 2 and C1 3 , respectively; the 
radio channels f1, f2 and f3 of the radio zone 2b 
are assigned spectrum spreading code groups 
C2i, C22 and C23, respectively; the radio channels 
f1 and f2 of the radio zone 2c are assigned spec- 

35 trum spreading code groups C3i and C32, respec- 
tively; and the radio channel f1 of the radio zone 2d 
is assigned a spectrum spreading code group C1l 
As in the case of the above-described embodi- 
ment, each spectrum spreading code group, for 

40 instance, C1i includes a plurality of codes Cln 
through Cl 1m . Although the radio channel fl and 
code group C1i of the radio zone 2a are the same 
as those of the radio zone 2d, this does not matter 
because the two radio zones are at a distance long 

45 enough not to interfere with each other. That is, in 
a region where interference is likely to occur, radio 
channels of the same frequency are allocated 
spectrum spreading codes which differ with radio 
zones. 

so In this embodiment, predetermined codes in 

the different spreading code groups C1i, C2i and 
C3i allotted to the radio channel f1 common to the 
radio zones 2a through 2d are also used as 
spreading codes C1 1C , C2 2C and C3 3C for control 

55 channels of the radio zones, respectively. Unlike in 
the embodiment described previously, the code 
groups Cli, C1 2 and C1 3 allocated to the radio 
channels f 1 , f2 and f3 of the radio zone 2a include 
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spreading codes C1i A , C12A and C1 3A 
predetermined for zone determination (see Fig. 4), 
and the base station always transmit over the radio 
channels f1 , f2 and f3 assigned broadcasting chan- 
nels defined by the zone determination spreading 
codes, respectively. 

The mobile station for use in this embodiment 
is identical in construction with that shown in Fig. 5. 
The radio channel frequency f1 of the control chan- 
nel is preset. When the mobile station transmits, 
the received signal levels of forward control chan- 
nels from respective base stations are sequentially 
measured using both of the correlators 14 and 15 
to detect the nearest radio zone and the spectrum 
spreading code for the control channel of the near- 
est radio zone is used to perform the call setup 
process. By using the both correlators 1 4 and 1 5 to 
scan the spectrum spreading codes, the level mea- 
suring time can be reduced. One of the correlators 
14 and 15 may be used to determine the nearest 
radio zone. When receiving a request for switching 
to the communication channel of the thus detected 
nearest radio zone from the mobile station through 
its current base station, the base station of the new 
radio zone determines the idle communication 
channel for use by the mobile station according to 
the rules given below. 

(A) When there is an idle communication chan- 
nel (i.e. a spectrum spreading code not in use) 
in the same radio channel as that f being cur- 
rently used by the mobile station, this channel is 
selected preferentially. When no idle channel is 
found in this radio channel, an idle communica- 
tion channel in other radio channel is selected. 

(B) When the same radio channel as that f is a 
hand-off-only channel, it is selected and after 
completion of switching to the hand-off-only 
channel, an idle communication channel in other 
radio channel is selected and instructs the mo- 
bile station to switch to it in the zone. 

Figure 9 is a flowchart for hand-off according to 
the second aspect of the present invention. Now, 
let it be assumed that the mobile station is in 
communication over the communication channel 
(f2, CI2) using the correlator 14 in zone 2a after 
mobile terminated or originated call processing 
(step S1). In this instance, the correlator 15 se- 
quentially sets zone determination spreading codes 
C1 2 a.C22a and C22A of the current and adjacent 
zones in the same radio channels and measures 
the received signal levels (step S2) and determines 
if the zone of the maximum received signal level is 
the current radio zone (step S3). If so, the mobile 
station goes back to step S2. If not, the mobile 
station proceeds to step S4, wherein it indicates 
the radio zone of the maximum level (a new radio 
zone) to the current base station and requests 
hand-off. 



In response to the hand-off request, the base 
station informs a new base station in the new zone 
of the current radio channel f2 of the mobile station 
and requests an idle communication channel. The 

5 new base station selects, for instance, an idle chan- 
nel (f2, C2 2 ) according to the above-mentioned 
rules and indicates it to the current base station, 
which transmits to the mobile station an in-service 
control signal which instructs channel switching to 

70 the idle channel. 

In step S5, the mobile station switches to the 
specified idle channel (f2, C2 2 ). That is, the mobile 
station sets the frequency synthesizer 13S to the 
frequency f2 and the spectrum spreading code C2 2 

75 in the correlator 14. 

As described previously, when the selected 
channel is the hand-off-only channel (f2, C2 3 ), the 
new base station selects, immediately after the 
start of communication with the mobile station, an 

20 idle channel, for instance, (f2, C2 2 ) of other radio 
channel and sends to the mobile station an in- 
service control signal instructing in-zone channel 
switching to the idle channel. The mobile station 
determines if the channel switching instruction is 

25 sent thereto in step S6, and if so, it performs 
channel setting in step S5. 

As described above, according to the first and 
second aspects of the present invention, in the 
spread spectrum cellular mobile communication 

30 system, a radio frequency is assigned in common 
to all radio zones and the mobile station hands off 
by determining the destination radio zone using 
one of the two correlators while maintaining com- 
munication at the common radio frequency using 

35 the other correlator; hence, it is not necessary, for 
determining the destination zone, to provide two 
receivers in the mobile station and to use a TDMA- 
like radio channel configuration. Furthermore, the 
current or visited zone at the time of transmission 

40 can be determined in a short time by the concur- 
rent use of the two correlators to scan the spec- 
trum spreading codes. Besides, according to the 
first and second aspects of the present invention, 
the band of each radio channel is chosen in accor- 

45 dance with the traffic volume of the lowest-traffic 
radio zone in the service area and each radio zone 
is assigned radio channels of a number corre- 
sponding to the traffic volume of the zone— this 
permits the provision of an efficient channel con- 

50 figuration. 

In the spread spectrum cellular mobile commu- 
nication system according to the second aspect of 
the present invention, when the same radio channel 
as that assigned to the adjacent zone is not found, 

55 that radio channel is provided as a hand-off-only 
radio channel; hence, the mobile station does not 
need to switch to another radio channel for the 
determination of the destination channel. This 
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avoids necessity of providing two receivers in the 
mobile station and forming a TDMA-iike radio chan- 
nel configuration. Incidentally, since the hand-off- 
only radio channel is used temporarily for hand-off, 
the number of spectrum spreading codes to be 
assigned to it may be small. In addition, the near- 
est radio zone for hand-off can be determined 
simply by switching the spectrum spreading code 
without switching the radio frequency, two systems 
of transceivers need not be prepared. 

While the embodiments according to the first 
and second aspects of the present invention have 
been described as applied to hand-off when the 
mobile station moves into a new radio zone, it is 
evident that the present invention is also effective 
in switching to another communication channel in 
the same radio zone when the channel quality of 
the current channel is degraded by interference or 
the like. 

It will be apparent that many modifications and 
variations may be effected without departing from 
the scope of the novel concepts of the present 
invention. 

Claims 

1. A hand-off method for a spread spectrum cel- 
lular mobile communication system wherein a 
base station is provided in each radio zone 
and assigned one or more radio frequencies; a 
radio channel of a frequency common to all 
radio zones in a service area; said common 
radio channel is assigned, for each radio zone, 
different spectrum spreading codes defining 
control channels and at least one spectrum 
spreading code for communication defining a 
communication channel; and a mobile station 
is provided with at least two correlators; 

said method comprising the steps: 

wherein when handing off during conversa- 
tion using one of said at least two correlators, 
said mobile station switches the radio frequen- 
cy being used to a communication channel in 
said common radio channel; 

wherein while continuing said conversation 
using said one correlator said mobile station 
scans said spectrum spreading codes and 
measures received signal levels corresponding 
thereto by the other correlator and determines 
a destination radio zone on the basis of said 
measured received signal levels; 

wherein said mobile zone indicates said 
determined destination radio zone to said base 
station to request channel switching; and 

wherein said mobile station sets a commu- 
nication channel specified by said base station 
in response to said channel switching request 
and continues said communication over said 



communication channel. 

2. The method of claim 1, wherein said each 
radio zone is assigned said radio channels of 
5 the number corresponding to its traffic volume. 

3- The method of claim 1, wherein said base 
station of said each radio zone is always trans- 
mitting via said control channel information 

70 corresponding to a spectrum spreading code 

for said control channel and spectrum spread- 
ing codes for control channels of adjacent ra- 
dio zones and said step of said mobile station 
scanning said spectrum spreading codes in- 

75 eludes a step wherein said spectrum spreading 

codes for control channels of said adjoining 
radio zones, received from said base station 
are sequentially set in said other correlator for 
measuring received signal levels. 

20 

4. A hand-off method for a spread spectrum cel- 
lular mobile communication system wherein a 
base station is provided in each radio zone 
and assigned one or more radio channels; 

25 each radio zone is assigned radio channels of 

the number corresponding to its traffic volume 
in a predetermined order, radio channels first 
assigned to all of said radio zones constituting 
a radio channel of a frequency common to all 

30 of said radio zones; each radio zone is as- 

signed, as hand-off-only radio channels, radio 
channels of the number corresponding to the 
difference between the largest one of the num- 
bers of radio channels assigned to said each 

35 and adjoining radio zones and the number of 

radio channels assigned to each radio zone; 
radio channels of the same frequency are each 
assigned a plurality of spectrum spreading 
codes the number of which differs with radio 

40 zones; and a mobile station is provided with at 

least two correlators; 

said method comprising the steps: 
wherein when handing off during conversa- 
tion, said mobile station scans spectrum 

45 spreading codes by one of said at least two 

correlators for measuring received signal lev- 
els, determines a destination radio zone on the 
basis of said measured received signal levels 
and at the same time continues said conversa- 

50 tion; 

wherein said mobile station indicates said 
determined destination radio zone to said base 
station and requests it for channel switching; 

wherein said mobile station sets a commu* 
55 nication channel specified by said base station 

in response to said channel switching request 
and continue said conversation over said com- 
munication channel; and 
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wherein when said communication channel 
being used for said conversation is said hand- 
off-only radio channel after said hand-off, said 
mobile station switches said communication 
channel to a non-hand-off-only radio channel in s 
the same radio zone. 

5. The method of claim 4, wherein said radio 
channels of the same frequency are each as- 
signed spectrum spreading codes for zone de- 10 9. 
termination which differ from one another for 

the respective radio zones; said base station of 
said each radio zone is always transmitting a 
broadcasting channel using said spectrum 
spreading codes for zone determination; and is 
said step of scanning said spectrum spreading 
codes for measuring said received signal lev- 
els is a step of scanning said spectrum 
spreading codes for said broadcasting channel 
to measure received signal levels. 20 

6. The method of claim 4, wherein a base station 
of the radio zone of the maximum received 
signal level preferentially selects an idle com- 
munication channel of the same radio channel 25 
as that currently used by said mobile station 

and indicates thereto via the current base sta- 
tion said selected idle communication channel 
as the channel to be used. 

30 

7. The method of claim 1 or 4, wherein the band 
of said each radio channel is a band wide 
enough to permit processing the lowest traffic 
of said radio zones. 

35 

8. A mobile station for a spread spectrum mobile 
communication system, comprising: 

an RF transmitting/receiving part which 
converts a radio channel of a desired frequen- 
cy to an intermediate-frequency signal and 40 
converts a signal to be transmitted to a radio 
channel of a desired frequency for transmis- 
sion; 

at least two correlators which are each 
supplied with said intermediate-frequency sig- 45 
nal from said RF transmitting/receiving part 
despread it by a spectrum spreading code set 
therein and output it; 

modem means which demodulates said 
despread output from one of said at least two so 
correlators and modulates a signal to be trans- 
mitted; 

a spectrum spreader which spectrum 
spreads said modulated signal to be transmit- 
ted and provides it to said RF transmit- 55 
ting/receiving part; 

level measuring means for measuring the 
output level of at least the other correlator; and 



a controller which sets a desired spectrum 
spreading code in each of said at least two 
correlators and said spectrum spreader, sets 
the frequency of a radio channel to be se- 
lected in said RF transmitting/receiving part 
and determines the nearest radio zone on the 
basis of the output from said level measuring 
means. 

The mobile station of claim 8, wherein the 
output of said one correlator is connected to 
said level measuring means so that it is al- 
lowed to measure the received signal level 
based on said spectrum spreading code set 
therein. 
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FIG. 7 
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FIG. 9 
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